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(54) Cryogen spraying 



(57) Spraying of a cryogen in which a heat load (12) 
is sprayed with a cryogen from one or more spray noz- 
zles (16) within a spray zone (20). A heat conductive 
element (22) is positioned below the heat load (12) and 
is provided with a surface (24) sized to catch the liquid 
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content of the cryogen that has been oversprayed, 
thereby to vaporise the overspray through direct heat 
transfer with the conductive element (22) and to prevent 
the problems caused by pooling of oversprayed cryo- 
gen. 
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Description 

The present invention relates to an apparatus and 
method for spraying an article with a cryogen from one 
or more spray nozzles. More particularly, the present in- s 
vention relates to such an apparatus and method in 
which a heat conductive element, positioned beneath 
the article, contacts liquid overspray to vaporise such 
overspray through direct heat transfer with the conduc- 
tive element. In other aspects the present invention re- 
lates to such an apparatus and method in which a liquid 
flow of the cryogen is converted into a two phase flow 
prior to being sprayed. More particularly, in such as- 
pects, the present invention relates to such apparatus 
and method in which the two phase flow conversion is 
effected by vaporising a subsidiary flow of the liquid flow 
and combining the resultant vapour with another sub- 
sidiary flow of liquid to produce the two phase flow. 

There are many industrial applications that require 
a cryogen having a liquid content to be sprayed against 
an article. For instance, in the food processing industry, 
a cryogenic refrigerant, for example, liquid nitrogen or 
liquid air, is sprayed against an article for refrigeration 
purposes. In a specific food processing application, ar- 
ticles are sprayed with a cryogenic refrigerant in order 
to produce a crust freezing effect that acts as a protec- 
tive layer to prevent dehydration. Such crust freezing 
may take place in a tunnel freezer or at the vestibule 
portion of a spiral freezer. The spiral freezer may be of 
the type in which freezing the article is completed by a 
mechanical refrigeration cycle or alternatively, by cryo- 
genic refrigeration means. In non-food arts, concrete 
slabs are cured by spraying the slabs with a cryogen. 
Articles to be cleansed of paint or grease are also 
sprayed with a cryogen in order to break up surface mat- 
ter to be removed. 

The problem common to all of types of cryogenic 
applications in which a cryogen having a liquid content 
is sprayed, is that the overspray, that is, the cryogen that 
does not actually vaporise upon contact with the article, 
will tend to pool beneath the article. With any cryogen, 
this can present a problem in that underlying structure 
(for instance the bottom of a food freezer) can be dam- 
aged and in case of a substance such as nitrogen, the 
liquid can seep out of a closed structure and present a 
suffocation hazard. In case of cryogenic refrigerants 
such as liquid air or synthetic mixtures of oxygen and 
nitrogen which are meant to be breathable, yet safe, the 
lower volatility of the nitrogen will cause the liquid to con- 
tinually enrich in oxygen. The oxygen enrichment cou- 
pled with a hydrocarbon containing product to be 
sprayed, such as food, can make whole proposition dan- 
gerous. 

The problem of pooling has been addressed in prior 
art refrigeration devices in which it is desired to produce 
freezing with a cold gaseous refrigerant. For instance, 
in US 2,479,821 a liquid cryogen is sprayed onto an ar- 
rangement of plates located within the top of a railroad 



car. The plates ensure that all liquid vaporises so that 
the rail cargo is not directly sprayed with the liquid. Also, 
US 4,726,1 95 provides a cryogenic refrigeration system 
in which a liquid cryogen is sprayed through a venturi- 
like device so that the liquid provides a motive force to 
produce circulation within the container. In the course of 
effecting such object, warm vapour is drawn into the liq- 
uid flow to in turn vaporise the liquid. The temperature 
at the outlet of the venturi-like device is sensed so that 
when the temperature drops to a pre-set temperature 
(at or above the temperature of a liquid phase of the cry- 
ogenic refrigerant) a control system activates a control 
valve to cut off the flow of the cryogenic refrigerant. After 
the container sufficiently warms, the control valve is 
opened to allow resumption of the flow of the cryogen. 

The prior art does not contemplate the prevention 
of pooling when the liquid cryogen is to be directly ap- 
plied as a spray and an overspray is produced from the 
liquid that is not vaporised by the heat load. For in- 
stance, in US 2,479,821 , the cryogen is vaporised prior 
to being sprayed and then used as a vapour. In US 
4,726,195, as the content of the cryogen tends toward 
a liquid, the supply of cryogen is cut off to prevent utili- 
sation of the cryogen as a liquid and thereby also to pre- 
vent pooling. 

Accordingly, the present invention provides appara- 
tus for spraying a cryogenic refrigerant having a liquid 
content, comprising at least one spray nozzle positioned 
to spray a heat load located within a spray zone and a 
heat conductive element positioned beneath the spray 
zone and having a surface sized to catch overspray 
formed from the liquid content of the cryogen, thereby 
to vaporise the overspray through direct heat transfer 
with the heat conductive element. 

In a second aspect, the invention provides appara- 
tus for spraying a liquid cryogen as a two phase flow, 
comprising a flow system having first and second legs 
to divide the liquid cryogen into first and second subsid- 
iary streams, a vaporiser located within the second leg 
to vaporise the second subsidiary stream, a mixing de- 
vice connected to the first and second legs to mix the 
second subsidiary stream, after having been vaporised, 
with the first subsidiary stream, thereby to form a two 
phase flow, and at least one spray nozzle in communi- 
cation with the mixing device to spray the two phase 
flow. 

It has been found by the inventors that it is desirable 
from a heat transfer standpoint to spray the cryogen as 
a two phase flow and to control the quality (that is the 
vapour content) of such flow in order to in turn control 
the process from a refrigeration standpoint. Control of 
the quality can also be used to prevent pooling. The 
present invention also provides an apparatus and meth- 
od in which any overspray that is nevertheless pro- 
duced, vaporises in a controlled manner in order to pre- 
vent pooling. 

An apparatus is provided for spraying a cryogen 
having a liquid content. The apparatus includes at least 
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one spray nozzle positioned to spray a heat load located 
within a spray zone. A heat conductive element is posi- 
tioned below the spray zone and has a surface sized to 
catch overspray formed from the liquid content of the 
cryogen, thereby to vaporise the overspray through di- 5 
rect heat transfer with the heat conductive element. In 
another aspect, the present invention provides a meth- 
od of spraying a cryogen having a liquid content. In ac- 
cordance with the method, a heat load is sprayed with 
the cryogen within a spray zone. Overspray formed from 
the liquid content of the cryogen is vaporised through 
direct heat transfer with a heat conductive element po- 
sitioned beneath the spray zone and having a surface 
sized to catch the overspray. The vaporisation of the 
overspray prevents pooling. 

As has been discussed above, the cryogen is pref- 
erably sprayed as a two phase flow rather than as a liq- 
uid flow. Thus, in accordance with another aspect of the 
present invention, an apparatus is provided for spraying 
the liquid cryogen as a two phase flow. In accordance 
with this aspect, a flow system is provided having first 
and second legs to divide the liquid cryogen into first 
and second subsidiary streams. A vaporiser is located 
within the second leg to vaporise the second subsidiary 
stream. A mixing device is connected to the first and 
second legs to mix the second subsidiary stream, after 
having been vaporised, with the first subsidiary stream, 
thereby to form the two phase flow. At least one spray 
nozzle is connected to the mixing device to spray the 
two phase flow. In accordance with yet another aspect, 
the present invention provides a method of spraying a 
liquid cryogen in which the liquid cryogen is divided into 
first and second subsidiary streams. The second sub- 
sidiary stream is vaporised and the first and second sub- 
sidiary streams are mixed, after vaporisation of the sec- 
ond subsidiary stream, to form the two phase flow The 
resultant two phase flow is then sprayed. As will be dis- 
cussed, these forgoing aspects of the present invention 
can be used both independently and also in connection 
with those aspects of the present invention incorporat- 
ing the heat conductive element to prevent pooling and 
also to regulate the refrigeration supplied by the cryo- 
gen. 

The invention will now be described by way of ex- 
ample and with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic view of an apparatus for car- 
rying out a method in accordance with the present 
invention; 

Figure 2 is a fragmentary sectional view of Figure 1 
taken along line 2-2 of Figure 1 ; 

Figure 3 is a fragmentary view of an alternative em- 
bodiment of a heat conductive element; and 

Figure 4 is a fragmentary view of an additional al- 
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ternative embodiment of a conductive element to be 
used in connection with the apparatus shown in Fig- 
ure 1. 

With reference to Figure 1 , an apparatus 1 in ac- 
cordance with the present invention is illustrated in a re- 
frigeration application. Such apparatus could be housed 
within a tunnel freezer or as illustrated, might be utilised 
without a housing in a cold storage room. In applications 
that are open or where it is desired to allow egress by 
operational personnel, the cryogenic refrigerant can be 
liquid air or a synthetic mixture of oxygen and nitrogen. 
In completely closed environments, other liquid cryo- 
genic refrigerants can be used, such as liquid nitrogen. 
In this regard, the term, 'cryogen" as used herein and 
in the claims means any substance that normally exists 
as a vapour at standard atmospheric temperature and 
pressure. 

Apparatus 1 includes a conveyor 10 which is an 
endless belt used in conveying articles 12 to be refrig- 
erated. As such, articles 1 2 are the heat load that inter- 
act with the cryogen to be sprayed. In order to effect the 
spraying, a manifold 14 is provided having spray noz- 
zles 1 6 to spray the cryogen as spray 1 8 against articles 
12 within a spray zone 20. It is to be pointed out here 
that the term "spray nozzle or nozzles" as used herein 
and in the claims 'encompasses any device from which 
a spray could emanate. As such, a spray nozzle used 
in the present invention could be a hole in a pipe. Spray 
zone 20 is defined by the spatial region taken up by 
sprays 18. As can be appreciated from the illustration, 
not all of the liquid content of the cryogen will be vapor- 
ised on contact with articles 1 2. Thus, conveyor 10 is an 
open structure (for instance a belt having openings such 
as holes or slots) to allow spray 18 to pass from nozzle 
16 through spray zone 20 onto the articles and through 
conveyor 10. As can be appreciated, conveyor 10 is 
shown for exemplary purposes only and other convey- 
ances such as hooks, rollers and etc. are possible. The 
liquid content of the cryogen not vaporised within spray 
zone 20, either before or after contact with articles 12 
or for that matter, conveyor 10, constitutes an overspray 
that is caught by a heat conductive element 22. 

With additional reference to Figure 2, heat conduc- 
tive element 22 is positioned below spray zone 20 and 
is provided with a surface 24 sized to contact the over- 
sprayed liquid cryogenic refrigerant. Thus, heat conduc- 
tive element 22 should be fabricated from aluminium, 
copper or other heat conductive material. As will be dis- 
cussed, heat conductive element 22 conducts heat from 
the surroundings. For instance, in many freezers that 
use liquid cryogen as a refrigerant, the interior of the 
freezer is approximately 50°C warmer than the liquid 
cryogen. Thus, the heat to be conducted by conductive 
element 22 originates in the environment that apparatus 
1 operates. 

As can be seen in the illustration preferably, heat 
conductive element 22 downwardly slopes to a warmer 
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end of the process so that any liquid cryogen that does 
not immediately vaporise upon contact with conductive 
element 22 will tend to flow down the slope of surface 
24 of heat conductive element 22 to eventually be va- 
porised. In order to produce motion in unvaporised liquid 5 
droplets and also, to prevent droplets from agglomerat- 
ing into larger puddles, a known vibrator 26 can be pro- 
vided to produce a standing vibration within surface 24 
of conductive element 22. In order to confine liquid to 
surface 24 of heat conductive element 22, peripheral lip 
sections 28 can preferably be provided to confine liquid 
to surface 24. Thus heat conductive element 22 can be 
said to have a tray-like configuration. 

As can be appreciated, in order to catch the over- 
spray, surface 24 of heat conductive element should be 
sized to catch the overspray. In this regard such sizing 
in practice requires both the width and length of surface 
24 of heat conductive element 22 to be sized larger than 
spray zone 20. 

As has been discussed above, it has been found by 
the inventors herein that cryogenic liquid refrigerant 
should be sprayed as a two phase flow in order to pro- 
duce the most efficient heat transfer. A liquid-vapour ra- 
tio of about 60:40 is preferred. In order to produce the 
two-phase flow, the cryogenic liquid refrigerant is routed 
through a flow network having first and second legs 30 
and 32 to divide the flow of the liquid cryogenic refriger- 
ant into a first subsidiary stream within first leg 30 and 
a second subsidiary stream within second leg 32. The 
liquid cryogenic refrigerant is vaporised within second 
leg 32 by provision of a vaporiser 34 which can be fab- 
ricated from a coil of tubing of sufficient dimension to 
cause the required vaporisation. In an application of the 
present invention to a refrigeration device, vaporiser 34 
would be positioned within the confines of such a device 
to avoid heat gain through such vaporiser 34 and hence, 
reduced thermal efficiency. The now vaporised second 
subsidiary stream is combined with the first stream by 
a mixing device 36 which could be simply a piping Tee. 
Such piping Tee could be provided with an orifice or pref- 
erably a spray nozzle to produce a jet of liquid to draw 
the vaporised second subsidiary stream into a turbulent 
mixture with the liquid of the first subsidiary stream and 
thereby produce a two phase flow to be introduced into 
manifold 1 4. Another option is to use an atomising noz- 
zle in which the second subsidiary stream acts as the 
atomising fluid to atomise the liquid. 

Although apparatus 1 could be designed for steady 
state operation, preferably flexibility is built into its op- 
eration by a control system. The spray zone tempera- 
ture of spray zone 20 is measured by a temperature sen- 
sor 38. A spray zone temperature signal representing 
the sensed temperature is introduced as an input into a 
temperature controller 40 which is preferably a program- 
mable PID type of controller. An orifice plate 42 sets the 
maximum liquid flow rate within first leg 30. Orifice plate 
42 together with the position of a proportional valve 66 
(to be discussed hereinafter) produces a mostly con- 
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stant ratio of flow passing through first and second legs 
30 and 32 and thus, a designed normal operating ratio 
of liquid to vapour within the cryogen sprayed into spray 
zone 20 depending on the degree to which proportion 
valve 66 is open. Given that mixing Tee 36 can itself in- 
corporate an orifice or spray nozzle, a separate orifice 
plate could be dispensed with in a proper embodiment. 
The designed normal operating ratio can be 60:40 as 
discussed above. Moreover, as will be discussed, the 
use of an orifice plate acts to set the maxim flow which 
is a necessary design criteria for heat conductive ele- 
ment 22. As can be appreciated, the piping and valves 
contained within first and second legs 30 and 32 will con- 
tribute to the actual flow split. 

Temperature controller 40 has provision for setting 
a preset, desired temperature within spray zone 20. 
Temperature controller 40 in turn controls a proportional 
valve 44 to meter the flow of cryogen being introduced 
into spray zone 20. As temperature increases within 
spray zone 20, as measured by temperature sensor 38, 
temperature controller 40 commands proportional valve 
44 to open to increase the flow rate of cryogen entering 
spray zone 20 and vice-versa. In such manner the tem- 
perature of spray zone 20 is maintained at a substan- 
tially constant preselected spray zone temperature. 

In the event that the temperature within spray zone 
20 becomes too cold, not enough liquid will vaporise on 
articles 12. This can occur if there were a substantial 
decrease in the heat load. As a result, liquid may be re- 
tained on articles 12 and thus, not vaporised on heat 
conductive element 22. In order to prevent this, prefer- 
ably, another heat exchanger 50 is connected to mani- 
fold 14 to produce a spray of vapour 52 which will act to 
blow liquid off of articles 12. 

In order to inhibit liquid from pooling on heat con- 
ductive element 22, the quality of sprays 18 is adjusted 
to maintain the temperature of the conductive element 
above the temperature of spray zone 20. To this end, a 
heat conductive element temperature is sensed as an 
average temperature of heat conductive element 22. 
This is accomplished by separate temperature meas- 
urements effected by three temperature sensors 54, 56 
and 58 positioned at the ends and centre of heat con- 
ductive element 22. With less effect, a single, centrally 
located temperature sensor can be used. These tem- 
peratures are averaged in a multi-channel temperature 
monitor 60 which produces an output signal referable to 
such average temperature and thus, the heat conduc- 
tive element temperature. The output signal is fed as an 
input to a temperature controller 64, another program- 
mable PID controller 

Temperature controller 64 preferably has provision 
for registering a preset, reference percentage opening 
that is used to control the amount a proportional valve 
66 is open. Thus, proportional valve 66 can represent 
an adjustable flow coefficient to control the desired liq- 
uid-vapour ratio (e.g. 60:40) of the cryogenic refrigerant 
to be sprayed. Temperature controller 64 also has pro- 
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vision for registering a preset reference temperature 
which is preferably about 10°C. above the temperature 
to be maintained within spray zone 20. Temperature 
controller 64 is preferably programmed in the following 
manner: In the event that the temperature as developed 
by temperature monitor 60 is warmer than the preset 
reference temperature, proportional valve 66 will remain 
at its preset, reference percentage of opening. If, the 
temperature as developed by temperature monitor 60 is 
colder than the preset reference temperature, propor- 
tional valve 66 will be commanded by temperature con- 
troller 64 to open and thereby increase the amount of 
vapour within the cryogenic refrigerant to be sprayed. 
When the temperature developed by monitor 60 is again 
warmer than the preset reference temperature, propor- 
tional valve 66 returns to its preset percentage of open- 
ing as registered within temperature controller 64. 

Even with the use of the control system of the 
present invention, transients can occur in which cryo- 
genic liquid refrigerant forms a pool on conductive ele- 
ment 22. In such case, a control valve 68 closes. Pref- 
erably the temperature at the lowest point of conductive 
element 22 is sensed by a temperature sensor 70 that 
produces an output signal referable to such sensed tem- 
perature which is fed as an input to temperature control- 
ler 72, preferably an on/off or thermostat controller. Tem- 
perature controller 72 is preset with a temperature that 
is selected to be above the boiling point temperature of 
the cryogen by a margin of typically about 80°C When 
the sensed temperature is above the present tempera- 
ture, controller 72 functions as an interlock to activate 
closure of valve 68. 

In any embodiment of the present invention, the 
conductive heat transfer coefficient of heat conductive 
element 24 can be modified by imparting motion thereto. 
For instance, an oscillatory motion could be imparted to 
heat conductive element 24. 

Alternatively, as shown in Figure 3, an embodiment 
of the present invention is illustrated in which a disc-like 
heat conductive element 74 having an upturned brim is 
provided. Heat conductive element 74 is rotated by a 
motor 76. In such illustration although no control system 
is illustrated, the same could be provided. 

With reference to Figure 4, another possible em- 
bodiment would be provided by embedded heating coils 
80 within a heat conductive element 82. A temperature 
sensor 84 is provided in such embodiment to sense the 
temperature of conductive element 82 and to supply 
such signal as an input to a controller 86, a programma- 
ble PI D controller. Controller 86 regulates a power sup- 
ply 88 to in turn regulate the power input to heating el- 
ements 80, thereby to control surface temperature of 
conductive element 82 to be above the boiling point tem- 
perature of the liquid cryogen. This foregoing embodi- 
ment could also be used with apparatus 1 by its simple 
addition thereto. In such case heat conductive element 
82 having embedded heating coils would be used in 
place of heat conductive element 22. On this point, the 



output of temperature sensor 70 would be used to con- 
trol both the heating elements 80 and valve 68. Thus, at 
a preset temperature not only would valve 68 close but 
power would be applied to heating elements 80. 

s It is to be noted that controllers 40, 64, and 86 are 
readily available PID (Proportional, Integral, Differential) 
controllers with no specific manufacturer being pre- 
ferred. The proportional, integral, and differential con- 
stants for each controller is in practice determined ex- 

10 perimentally, in a manner known in the art. As can be 
appreciated, analogue controllers are also possible, but 
less preferred. 

Although the various embodiments of heat conduc- 
tive elements 24, 74 and 82 are illustrated as providing 

is flat surfaces to contact the overspray, irregular surfaces 
could be provided to increase heat transfer. However, 
such irregular surfaces such as provided by a mesh or 
by ridges and etc. might tend to trap particles of the ar- 
ticles to be frozen. This could present a danger in case 

20 of a food freezing application of apparatus 1. Further- 
more, the present invention encompasses embodi- 
ments with simply heat conductive elements alone with- 
out control systems, sprays of pure liquid rather than two 
phase flows, or partial controls such as control valve 68 

25 to cut off the flow of liquid when surface temperature of 
the heat conductive element approaches the boiling 
point temperature of the cryogen. 

Any heat conductive element designed in accord- 
ance with the present invention must be massive 

30 enough to retain enough sensible heat energy to fully 
vaporise any transient overspray of liquid when the tem- 
perature a sensed by temperature sensor 70 falls below 
the preset temperature of controller 72. In order to cal- 
culate the required mass of the conductive element it is 

35 necessary to first make an assessment of the amount 
of liquid which could potentially spill onto the conductive 
element before any control system closes the control 
valve 68. This of course would be a function of: the re- 
sponse time of sensor 70, the speed with which control 

40 valve 68 closes, and the amount of any remaining liquid 
remaining as a simple equation as follows: 

Me= Ms + [({Tr + Tv} x Fc) + M,] x Vc/Ce/ATemp. 

45 

Where : 

Me is the mass of the conductive element 

M, is the mass of the liquid in the line downstream 

so from control valve 68 

Ms is the safety margin allowed for the element 
Tr is the response time of the temperature sensor 
Tv is the response time of control valve 68 
Fc is the mass flow rate of the cryogen 

55 Vc is the energy of vaporisation of the cryogen per 
unit mass 

Ce is the specific heat capacity of the element ma- 
terial 
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ATemp = Preset Reference Temperature - Boiling 
Point Temperature of the Cryogen. 

As has been mentioned, the maximum flow rate of 
the liquid content of the cryogen is set by an orifice plate s 
42 or the orifice or spray nozzle within mixing Tee 36. 
and such maximum flow rate that is used as a value for 
M|. 

10 

Claims 

1 . Apparatus for spraying a cryogenic refrigerant hav- 
ing a liquid content, comprising at least one spray 
nozzle positioned to spray a heat load located within is 
a spray zone and a heat conductive element posi- 
tioned beneath the spray zone and having a surface 
sized to catch overspray formed from the liquid con- 
tent of the cryogen, thereby to vaporise the over- 
spray through direct heat transfer with the heat con- 20 
ductive element. 

2. Apparatus according to Claim 1 , further comprising 
a vaporiser in communication with the or each spray 
nozzle for at least partly vaporising the cryogenic 25 
refrigerant. 

3. Apparatus according to Claim 2, comprising a flow 
network having first and second legs to divide the 
flow of cryogenic refrigerant into a major stream and 30 
a subsidiary stream, the vaporiser being located in 

the second leg to vaporise the subsidiary stream, 
and a mixing device connected to the first and sec- 
ond legs to combine the subsidiary and major 
streams, thereby to produce a two-phase flow of the 35 
cryogenic refrigerant, the or each spray nozzle be- 
ing in communication with the mixing device. 

4. Apparatus according to Claim 3, comprising a pro- 
portional valve interposed between the mixing de- *o 
vice and the or each nozzle, a sensor to sense spray 
zone temperature, and a spray zone temperature 
controller responsive to the temperature sensor to 
control the proportional valve and thus, the flow of 
cryogenic refrigerant entering the spray zone so 45 
that the spray zone remains at a substantially con- 
stant, preset, spray zone temperature. 

5. Apparatus according to Claim 4, comprising a sen- 
sor to sense boundary temperature of the conduc- so 
tive element and to generate a second temperature 
signal referable to the boundary layer temperature, 

a control valve connected to both the first and sec- 
ond legs, and an interlock controller responsive to 
the second temperature signal and configured to 55 
close the control valve at a temperature greater 
than the cryogen boiling point temperature. 
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6. Apparatus according to Claim 4 wherein the tem- 
perature sensor and the proportional valve com- 
prise a first temperature sensor and a first propor- 
tional valve, and wherein the second leg has a sec- 
ond proportional valve to control the vapour content 
of the cryogenic refrigerant sprayed within the spray 
zone; and wherein the apparatus further comprises 
a control system to inhibit pooling of the overspray 
on the heat conductive element, the control system 
including at least one second temperature sensor 
to sense the heat conductive temperature of the 
heat conductive element, and a second tempera- 
ture controller to control the position of the second 
proportional valve, the second controller having 
means for registering a preset percentage of open- 
ing of the second proportional valve and a preset 
reference temperature for the heat conductive ele- 
ment, and configured such that, if the heat conduc- 
tive temperature of the heat conductive element is 
warmer than the preset reference temperature, the 
second temperature controller positions the second 
proportional valve at the preset percentage of open- 
ing and if the heat conductive temperature of the 
heat conductive element is colder than the preset 
reference temperature, the second temperature 
controller re-positions the second proportional 
valve so that it opens to a greater percentage of 
opening than the preset percentage of opening until 
the heat conductive temperature is again above the 
preset reference temperature. 

7. Apparatus according to any preceding Claim, 
wherein the surface of the conductive element 
slopes downwardly. 

8. Apparatus according to any preceding Claim, 
wherein the conductive member has a tray-like con- 
figuration with peripheral lip sections to retain over- 
spray. 

9. Apparatus according to any preceding Claim, 
wherein the conductive member is fabricated from 
sheet material and further includes a vibrator to pre- 
vent any oversprayed liquid from agglomerating. 

10. Apparatus according to any preceding Claim com- 
prising a heater embedded in the conductive ele- 
ment. 

11. Apparatus according to any preceding Claim, 
wherein the conductive element comprises a spin- 
ning disk. 

12. Apparatus according to any one of Claims 2 to 11 
comprising another vaporiser to vaporise a portion 
of the cryogen, and a nozzle connected to the other 
vaporiser to form a vapour stream directed at the 
heat load to blow off spray retained on the heat load. 
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13. Apparatus for spraying a liquid cryogen as a two 
phase flow, comprising a flow system having first 
and second legs to divide the liquid cryogen into first 
and second subsidiary streams, a vaporiser located 
within the second leg to vaporise the second sub- 
sidiary stream, a mixing device connected to the 
first and second legs to mix the second subsidiary 
stream, after having been vaporised, with the first 
subsidiary stream, thereby to form a two phase flow, 
and at least one spray nozzle in communication with 
the mixing device to spray the two phase flow. 

1 4. Apparatus according to Claim 1 3, comprising a con- 
trol valve located within the second leg to adjust the 
quality of the two phase flow. 

1 5. A method of spraying a cryogenic refrigerant having 
a liquid content, comprising spraying a heat load 
with the cryogen within a spray zone and vaporising 
overspray formed from the liquid content of the cry- 
ogen through direct heat transfer with a heat con- 
ductive element positioned beneath the spray zone 
and having a surface sized to catch the overspray. 

16. A method according to Claim 15, further comprising 
partially vaporising the cryogenic refrigerant prior to 
being sprayed. 

17. A method according to Claim 15 or Claim 16, further 
comprising dividing the flow of the cryogenic refrig- 
erant into first and second subsidiary streams, va- 
porising the second subsidiary stream, mixing the 
first and second subsidiary streams, after vaporisa- 
tion of the second subsidiary stream, thereby to pro- 
duce a two-phase flow of cryogenic refrigerant, and 
spraying the two-phase flow. 

18. A method according to Claim 15, Claim 16 or Claim 
1 7, further comprising further comprising controlling 
the flow rate of the cryogenic refrigerant so as to 
control spray zone temperature. 

19. A method according to Claim 18, comprising sens- 
ing the boundary temperature of the heat conduc- 
tive element, and cutting off the major and subsidi- 
ary streams so that the boundary temperature does 
not fall below boiling point temperature of the cryo- 
gen. 

20. A method according to Claim 18 or Claim 1 9, com- 
prising sensing heat conductive temperature of the 
heat conductive element, and controlling the vapour 
content of the two-phase flow by comparing the 
heat conductive temperature with a reference tem- 
perature for the heat conductive element, and, if the 
heat conductive temperature is warmer than the ref- 
erence temperature, maintaining the vapour con- 
tent substantially constant, and, if the heat conduc- 



tive temperature is colder than the reference tem- 
perature, increasing the vapour content until the 
heat conductive temperature is again above the 
preset reference temperature. 

5 

21 . A method according to any one of Claims 1 5 to 20, 
comprising vaporising a portion of the cryogen prior 
to its being sprayed to produce a vapour stream, 
and directing the vapour stream against the heat 

10 load to blow spray off the heat load. 

22. A method of spraying a liquid cryogen, comprising 
dividing the liquid cryogen into first and second sub- 
sidiary streams, vaporising the second subsidiary 

75 stream, mixing the first and second subsidiary 
streams, after vaporisation of the second subsidiary 
stream, thereby to produce a two phase flow, and 
spraying the two phase flow. 

20 23. A method according to Claim 22, comprising con- 
trolling the flow rate of the second subsidiary stream 
to in turn adjust quality of the two phase flow. 



30 



35 



40 



45 



SO 



EP 0 887 604 A2 



FIG. 1 



LIQUID 
SUPPLY 

68. I 



, T 7 ? TEMPERATURE 

v n o- CONTROlLEn 



I — C\ TEMPERATURE 
^ CONTROLLER 




ifl vs\ wwyinwy 

lc*\ «' • • • • • ' ! 1 / • • ' J • ■ ' 



10 



c 



V52 



13 



t ' — 3 



60 



FIG. 3 



TEMPERATURE 
MONITOR 



FIG. 2 

24 28 

28~ fl L.. 

,12 



j r — n 

26 y 


70 


58 





FIG. A 



T 
74 




TEMPERATURE 
CONTROLLER 



8 



